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(57) Abstract 

A method of forming a substantially planar, multi-layer, composite article that comprises a plastics materials reinforced wiB> fibres 
that extend substantially continuously in one direaion in the plane of each layer is provided. The majority of die layers are aligned in a 
main direcdon B and the article (20a) is disposed over a contoured surface of a forming tool (6). The article (20a) is constrained against 
movement in a direction perpendicular to the plane of the main direction layers and forces applied to the article (20a) in the plane thereof 
in a direction substantially perpendicular to the main direction of the fibres. The article (20a) is thereby urged into conformity with the 
contoured surface of the tool (6) whilst substantially maintaining the continuity of the fibres. 
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FORMING REINFORCING COMPONENTS 

This invention relates to forming reinforcing 
5 components, and in particular to forming a composite fibre 
reinforced plastics article to conform with a contoured 
. surface. 

Articles formed in accordance with the present 
invention have a variety of applications, but by way of 
10 example only, and without limitation to the generality, 
reference will be made to the forming of reinforcing 
components used in the aircraft industry, for example 
aircraft stringer sections. 

When forming such components, in order , to maximise 
15 their structural effect, it is desirable to ensure that 
the fibres of the component follow the contours thereof as 
closely as possible. Such a component may be produced by 
manually laminating a succession of prepreg plies so as to 
form a multi-layered stack, but this is very time 
20 consuming. "Prepreg" material consists of one or more 
plies of Jibson' s reinforcing material pre-impregnated 
with uncured resin or like matrix material. 

It is known to form a thick stack of uncured prepreg 
material to provide reinforcement in one direction. As 
25 can be seen from Figure 1 of the accompanying drawings, a 
flat sheet 2 of uncured prepreg having a large plurality 
of carbon fibres embedded in epoxy resin, with the fibres 
aligned in the direction of the arrow A, has been formed 
into a 90° bend over the edge of a forming tool 4. In 
30 this way, an L-shaped stiffener is made, and it can be 
envisaged that with a larger sheet of prepreg two bends 
could be made so as to provide a channel section, with the 
fibres thereof extending undirectionally. Such a method 
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ponent, however, has the disadvantage that 
itilized when the surface to which the 
D conform is contoured, for example 
(gle or a ramp, or being undulating. Such 
es introduce diversions into the path of 
h, instead of following the contour, flow 
radius (see figure 2), and are thus no 
aligned in the required load-bearing 
\e reinforcing effect is thus not so 

lly, cutting a shaped blank such that it 
conformity to the underlying contoured 
I in load bearing fibres being cut. Figure 
inying drawings shows a forming tool 6 that 
m of the tool 4 of Figure 1, in that its 
provided with a ramp 8 . Figure 3 shows a 
ik 10 that has been subjected to two cuts 
112 and 14 so as to achieve the conformity, 
ihe 90"* bend but also along the ramp 8 of 

ibject of the present invention to provide 
ang method. 

mce with one aspect of the present 
is provided a method of forming a 

anar, multi-layer, composite article that 
5tics material reinforced with fibres that 

ally continuously in one direction in the 
jyer, wherein a majority of the layers are 
iiain direction, wherein the article is 
J contoured surface . of a forming tool, 
1 cle is constrained against movement in a 
mtially perpendicular to the plane of said 
llayers , wherein force is applied to the 
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article in the plane thereof in a direction substantially 
perpendicular to the said main direction of said fibres, 
thereby to urge the article into conformity with the 
contoured surface of the tool whilst substantially 
5 maintaining the continuity of the said fibres. 

Depending on the viscosity of the resin of the 
composite article, heat may need to be applied thereto in 
order to ensure that the layers, or laminates, are able to 
slide with respect to each other. 
10 Typically, although the fibres within each layer will be 
substantially unidirectionally aligned, not all the layers 
will be aligned. The actual alignment of the plurality of 
layers will depend on the structural load requirements, of 
tension and torsion for example. Normally a majority of 
15 the fibres, and of the layers are aligned in one main 
direction for reinforcement, referred to as the 0° 
direction. Various other layers may then be aligned at 
45°, 190°, and 135° therei.o as required. For example, 50% 
of the layers/fibres may be in the 0° main direction, with 
20 20% each at 4 5' and 135°, and 10% at 90°. 

The invention thus results in a composite article 
that is contoured, for example to conform with the shaping 
of a joggle or ramp, without any of the fibres in the said 
load-bearing direction being cut. The contouring has been 
25 effected by applying a force to the planar article whilst 
simultaneously preventing any buckling thereof. 

Preferably, the article is constrained by being 
loaded into a support that allows flexibility in a 
direction to achieve the required contouring but which is 
30 rigid in a direction perpendicular thereto. 
Advantageously, the support may comprise an elastomeric 
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material reinforced with spaced apart rigid rods, of 
aluminium or steel for example. 

The support is preferably mounted in a rigid frame 
that is located around the forming tool and that is 
5 arranged to guide the article in a direction towards the 
contoured surface during the forming process. 

The force may be provided by a press acting on an 
edge of the planar article. Alternatively, the article, 
tool, frame and support may be located in an enclosure 
10 that is then evacuated. 

The contoured, planar reinforcing article thus 
produced, may be subjected to a further forming operation 
in which heat is again applied thereto and a force is 
applied to effect further, forming thereof. For example 
15 the further forming operation may be arranged to produce a 
fold about a line in the planar surface of the article, 
the line preferably extending substantially parallel to 
the direction of the said fibres, thus producing an L- 
shaped article. A further forming operation may be 
20 arranged to produce a channel-shaped article, or one of 
any desired shape. 

Thus, the present invention provides a method of 
forming a substantially planar, multi-layer composite 
article such that it is able to conform to a substrate 
25 that comprises three contiguous surfaces each of. which is 
angled, i.e. lies at other than 0", to the other two 
surfaces. The surfaces may be generally planar, but may 
for example, be convoluted and may comprise a ramp or a 
joggle. 

30 The plastics material of the article may be thermo- 

plastics. Alternatively, the plastics material may be 
curable, for example being a thermoset, with curing being 
effected after the forming thereof has been completed. 
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The reinforcing fibres may be of carbon, aramid or 
glass, for example. 

It is to be understood that although reference has 
been made to directions with respect to the orientation of 
5 continuous fibres in the plane of the article, the 
composite article may include fibres in layers at various 
other angles to this primary load-bearing direction. 

The method of the present invention finds particular 
application to a multi-layer composite article, due to its 
10 increased rigidity with respect to a relatively flexible 
single ply article. Thus, the article to which the 
present invention is particularly beneficial is envisaged 
as comprising at least two plies, each of which would 
typically be between 0.125 and 0.25 mm thick, and 
15 typically would have a minimum of 8 plies, thus giving a 
thickness of 2 to 3 mm, and may even be formed as a 5 mm 
thick stack of 20 plies, or more. It will be appreciated 
that the number of plies, and thus the thickness of the 
article would depend on the loading to which it was to be 
20 subject in use. 

In accordance with a further aspect of the present 
invention, there is provided apparatus for forming a 
substantially planar, , multi-layer composite article, 
comprising means for constraining the article in a 
25 direction substantially perpendicular to its plane, means 
for mounting the article over a contoured surface to which 
it is to be conformed, and means for applying a force in a 
direction in the plane of the article to urge the article 
into conformity with the contoured surface. 
30 The apparatus is preferably arranged to carry out the 

features of the method of the invention. 

A method of forming a multi-layer, composite article, 
in accordance with the present invention, will now be 
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described, by way of example, with reference to Figures 4 
to 9 of the accompanying drawings, in which; 

Figure 4 is a partially cut-away perspective view of 
a flexible support with a preform blank of the article 
5 partially inserted thereinto; 

Figure 5 is a view of one end of the support of 
Figure 4 prior to its closure; 

Figure 6 is an end view of the supported article of 
Figure 4 retained within a rigid frame, mounted on a 
10 forming tool and enclosed within a vacuum bag; 

Figure 7 is a perspective view corresponding to 
Figure 6; 

Figure 8 is a plan view of the preform subsequent to 
a first forming operation; and 
15 Figure 9 is a perspective view of the finished 

article on a forming tool after undergoing a further 
forming operation. 

Referring to Figures 4 and 5, a multi-layer preform 
blank 20 comprises a rectangular planar body of epoxy 
20 resin containing carbon fibres in which a majority of the 
layers and fibres extend along the direction B 
continuously from one end to the other thereof. The blank 
20 is shown being introduced into a flexible support 22 
that is formed of rubber and has stainless steel 
25 stiffening rods 27 embedded therein. The support 22 is in 
two parts, comprising a three-sided channel section 24 and 
a removable cover 26, each of which has correspondingly- 
shaped rods 27 embedded therein. Additionally, as can be 
seen in Figure 5, the cover 26 has, at each end thereof, a 
30 protrusion 28 that is arranged to clamp the blank 20 at 
its ends when it is loaded completely into the channel 
section 24 of the support, 22. 
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Referring to Figures 6 and 7, the preform blank 20, 
mounted in the flexible support 22 is clamped along its 
length and over an intermediate portion only of its height 
between two rigid aluminium frame members 30. The frame 
5 members 30 position the supported blank 20 over the upper 
contoured surface of the form tool 6. The frames 30 act 
together with the stiffeners 27 of the support 22 to 
prevent any substantial deformation of the blank 20 in a 
direction perpendicular to the vertical plane thereof, 
10 whilst allowing the reinforced support 22 containing the 
blank 20 to be guided in the vertical plane. The blank 
20, support 22 and frames 30, are enclosed within a vacuum 
bag 32 (Figure 6) . 

In operation, the air within the bag 32 is pumped 
15 out, thereby exerting a vertically-downward load on the 
exposed upper portion of the blank 20 within the support 
22. At the same time, heat is applied to soften the 
curable material of the blank 20, the exposed lower 
portion of which consequently, and together with the 
20 support 22, is forced into conformity with the upper 
ramped contour of the form tool 6. The vacuum is 
maintained within the bag 32 whilst the blank 20 is 
allowed to cool and thus to solidify into its conformed 
shape. The resultant planar component 20a, after removal 
25 from the deformed support 22, is shown in Figure 8. As 
can be seen from Figure 8, the component 20a is shaped to 
configure to the ramp 8 with the unidirectional fibres 
extending continuously in the direction B. 

Figure 9 shows a further forming step that may be 
30 carried out on the component 20a, whereby its planar 
surface is formed into a right angle, whilst still 
conforming to the ramp 8 of the form tool 6, This 
operation is carried out whilst applying increased heating 
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to the component 20a, whilst still subject to a vacuum or 
other deforming force, whereby it is softened to allow the 
90° angle to be formed therein, and is subjected to such a 
temperature that the epoxy material thereof is cured. 
5 Alternatively, curing may be carried out during a 
subsequent operation, for example when the main skin 
component, with which the article is associated, is itself 
cured. 

The resulting article thus extends in three planes 
10 that are angled to each other, and the continuity of the 
uni-directional, load-bearing fibres is maintained. 

It will be appreciated that by suitable choice of the 
form tool, the initial preform blank can be formed into 
any required configuration so as during the initial 
15 forming step to conform to a ramp, joggle or other 
disturbance from a plane, whilst maintaining continuity of 
the fibres in the required load-bearing direction. 
Further forming may then take place to provide, for 
example, an L or C-shaped sectioned member. The resulting 
20 component can then be removed from the form tool and 
applied as reinforcement to the required structural 
member, for example an aircraft stringer section. 
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Claims 

1. A method of forming a substantially planar, multi- 
5 layer, composite article that comprises a plastics 
material reinforced with fibres that extend substantially 
continuously in one direction in the plane of each layer, 
wherein a majority of the layers are aligned in a main 
direction, wherein the article is disposed over a 

10 contoured surface of a forming tool, wherein the article 
is constrained against movement in a direction 
substantially perpendicular to the plane of said main 
direction layers, wherein force is applied to the article 
in the plane thereof in a direction substantially 

15 perpendicular to the said main direction of said fibres, 
thereby to urge the article into conformity with the 
contoured surface of the tool whilst substantially 
maintaining the continuity of the said fibres. 

20 2. A method according to claim 1, wherein the 
constraining of the article is carried out by mounting the 
article in a flexible support that is reinforced in, or 
parallel to, the plane of said main direction of the 
article, 

25 

3. A method according to claim 2, wherein the support 
comprises an elastomeric material reinforced with spaced- 
apart rigid rods. 

30 4 . A method according to claim 2 or 3, wherein the 
support is in the form of a container that receives the 
planar article. 
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5. A method according to any one of claims 2 to 4, 
wherein the reinforcement is arranged substantially to 
prevent movement of the article in the said main direction 
of the said fibres. 

5 

6. A method according to any one of claims 2 to 5 
wherein the support is mounted in a rigid frame located 
around the forming tool and is arranged to guide the 
article in a direction towards the contoured surface of 

10 the forming tool under the action of the said force, 

7. A method according to any one of the preceding 
claims, wherein the force acting on the article is 
produced by means of a press or a vacuum. 

15 

8. A method according to any one of the preceding 
claims, wherein subsequent to the said conforming 
operation, a further forming operation is carried out 
whereby the article is heated and force is applied thereto 

20 such that it is folded about a line in its planar surface 
that extends substantially parallel to the said main 
direction of the said fibres. 

9. A method according to any one of the preceding 
25 claims, wherein the plastics material of the article is 

curable and is cured after the forming thereof has been 
completed. 

10. A method according to claim 9 when dependent on claim 
30 8, wherein the plastics material comprises a thermoset, 

and wherein sufficient heat is applied only during the 
further forming operation to effect curing thereof. 
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11. A method according to any one of the preceding 
claims, wherein the article comprises a carbon- or glass- 
fibre reinforced plastics material, and is formed as a 
structural reinforcing member with the said fibres in the 

5 main direction aligned in the main load- bearing direction 
thereof. 

12. A method according to any one of the preceding 
claims, wherein the contouring of the forming tool is 

10 arranged to allow the formed article to conform to a 

joggle or a ramp. 

13. A method according to any one of the preceding 
claims, wherein the article is softened by the 

15 application of hea- prior to applying said force 

thereto. 
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